In this paper we present solutions with the superstar scenario for the problems of singularity and the relativistic jet in AGN (Active Galactic Nuclei) based on supermassive black hole with singularity. The five-zone structure of superstar from inside to outside consists of the Singularity-Free Superstar Core (SC), the short-range repulsive super force field (SFF) near the event horizon, the superstar lepton sphere (SLS) containing infalling leptons (electron-positron pairs), the superstar ergosphere (SE), and the superstar accretion disk (SAD). As in the Meissner effect in superconductor, the short-range SFF repulses leptons in the SLS preventing singularity, while infalling leptons from the SAD and the SE continue to enter the SLS through the strong gravity of the SC. When the density at the bottom of the SLS reaches the critical density, leptons fall into the SC with the corresponding size increase of the SC to prevent singularity. Without further infalling leptons, the short-range repulsive force from the SFF disintegrates the SLS into the SLS plasma fragments (electron-positron pair plasma), detaching from the SC. Some SLS plasma fragments in the SAD generate the broad relativistic SAD jet, and some SLS plasma fragments in the SE generate the coincident narrow relativistic SE jet. In this two-jet model (the origin of the spine-sheath jet structure), protected by the SAD jet, the fast and narrow SE jet inside the slow and broad SAD jet generates the VHE (very high energy ≥ 100 GeV) Synchrotron Self Compton (SSC) gamma-ray emission without the attenuation by the photons in the BLR (broad line region) of flat spectrum radio quasar (FSRQ). In conclusion, AGN based on supermassive superstar provide the solutions for singularity, VHE gamma-ray emissions in FSRQs and FR1 type radio galaxies, AGN jet structure, and AGN jet type.
Introduction
AGN (Active Galactic Nuclei) is based on supermassive supermassive black hole with singularity. Black hole has been a standard model for the collapse of a large star. Singularity in black hole remains contentious. Gravastar (gravitational vacuum star) [1] [2] by P. O. Mazurand and E. Mottola is a model for the collapse of a large star without singularity. In gravastar, quantum effects would change space-time around a collapsing star, initiating a radical phase transition like when liquid water becomes ice, for some of the infalling matter. For gravastar, the phase transition involves the transformation into a "gravitational vacuum" with an interior de Sitter condensate surrounded by a Bose-Einstein condensate (BEC) bubble, similar to the transformation of a cloud of atoms into one huge "super-atom", a BEC at an extremely low temperature above absolute zero degree. The BEC is prevented from complete collapse by the interior de Sitter condensate exerting a balanced pressure outwards on the condensate. A thin phase boundary (shell) for the phase transition is in between the interior region and the exterior region.
In this paper, superstar without singularity is proposed as an alternative to black hole and gravastar as described in the previous paper [3] . Due to quantum effects, the space-time around gravastar exerts a balanced pressure outwards on gravastar to prevent the complete collapse of gravastar. Similarly, due to quantum effects, the space-time around superstar is the short-range repulsive super force to prevent the complete collapse of superstar. The repulsive effect of the super force field at nearly infinite density is like the repulsive Meissner effect in superconductor to eject applied magnetic fields from the interior of the superconductor at nearly absolute zero temperature as described in the previous paper [4] . This paper describes AGN based on supermassive singularity-free superstar as an alternative to AGN based on supermassive black hole with singularity. AGN produce very high luminosities in a very concentrated volume. In the prevailing model of the physical structure of AGN, at the center is a supermassive black hole (10 6 to 10 10 M ¤ ) whose gravitational potential energy is the ultimate source of the AGN luminosity [5] . Matter pulled toward the rotating supermassive black hole form a rotating accretion disk. The region near the accretion disk is the broad line region (BLR) with high-density optical and ultraviolet photons emitted from the accretion disk. The region much farther from the disk is the narrow line region with low-density photons. Outflows of energetic particles in the relativistic collimated jet occur along the poles of the disk. A subset of the jetted AGN is blazar [6] with the relativistic jet closely aligned to the line of sight of the observer. Blazars show the properties of variability at all frequencies-time scales and high polarization at both optical and radio frequencies. Blazars include flat spectrum radio quasars (FSRQs) that show broad optical emission lines and BL Lacertae objects (BL Lacs) with weak or even absence of such emission lines.
The spectral energy distribution (SED) of blazars is dominated by the gam-D.-Y. Chung International Journal of Astronomy and Astrophysics ma-ray emission, but the location of the main gamma-ray emitting region in blazars is still uncertain. In the standard scenario of model, the SED of the large majority of gamma-ray detected FSRQ is the BLR External Compton (EC) scenario [7] [8] where the BLR provides effective seed photons for the inverse Compton (IC) scattering by relativistic electrons in the jet. In the recent paper by Costamante, Cutini, Tosti, Antolini, and Tramacere, the BLR-EC scenario is tested [9] . They test this scenario on the Fermi gamma-ray spectra of 106 broad-line blazars detected with the highest significance or largest BLR, by looking for cut-off signatures at high energies compatible with γ-γ interactions with BLR photons, resulting in the attenuation of gamma-ray. They found that only one object out of ten seems compatible with substantial attenuation through the interaction with BLR photons. The one object is below the cut-off energy. They conclude that for 9 out of 10 objects, the jet does not interact with BLR photons to produce gamma-ray. The result is the production of very high energy (VHE, ≥100 GeV) gamma-rays without attenuation, contradicting the BLR-EC scenario. Such VHE gamma-rays have to be produced outside the BLR.
However, it is difficult to find a scenario without the involvement of the BLR in FSRQ where the BLR is highly active. As a result, the proper relativistic jet producing VHE gamma-ray emission in FSRQ is still unknown.
This paper proposes that AGN based on supermassive singularity-free superstar provide the solutions for the problems of singularity and the relativistic jet to producing VHE gamma-ray emission in AGN based on supermassive black hole. Section 2 describes black hole and superstar. Section 3 deals with AGN based on supermassive superstar,
Black Hole and Superstar
The uncertainty principle in quantum mechanics
Postulates that the position, x, and momentum, p, of a particle cannot be simultaneously determined with arbitrarily high precision. In the generalized uncertainty principle [10] , an extra term related to the Planck energy is introduced to avoid singularity.
where α is a constant and G relates to the Planck energy, At energy much below the Planck energy, the extra term in Equation (2) is irrelevant and the Heisenberg uncertainty principle is recovered, while approaching the Planck energy, the extra term becomes relevant, and is related to the minimal observable length.
In this paper, an extra force field is introduced to maintain the non-zero minimal length and momentum at the extreme conditions such as at the temperature The conventional five-zone structure from inside to outside of black hole [11] consists of singularity at the center of black hole,, the event horizon [12] , the black hole photon sphere (BHPS) [13] , the black hole ergosphere (BHE) [14] , and the black hole accretion disk (BHAD) [15] as in Figure 1 .
Singularity is the region of the black hole where all the mass of the black hole has been compressed down to nearly zero volume with almost infinite density and an enormous gravitational force. As the boundary of the black hole, the event horizon with the Schwarzschild radius preventing any escape of matters and radiation. Adjacent to the event horizon, the surrounding unstable and thin black hole photon sphere (BHPS) with a radius 1.5 times the Schwarzschild radius contains photons travelling in a circular orbit. Outside of the event horizon, a rotating black hole produces black hole ergosphere (BHE) where nothing can remain at rest. Ergosphere has an elliptical shape like a flattened sphere, and the north and south poles of the ergosphere touch the top and bottom of the event horizon. Objects and radiation can escape from ergosphere.
Black hole accretion disk (BHAD) is mostly gas around black holes transports gas to the black hole at their centers. The gas is pulled into the BHAD from infalling star and interstellar material, and the latent angular momentum of gas causes the BHAD to rotate in the shape of pancake. The accreting gas near the black hole event horizon orbits at very high speeds to produce friction, which heats it up so much that individual atoms dissociate into plasma consisting of mostly leptons (electron-positron pairs), some of which fall into black hole. The plasma creates a strong magnetic field around black hole. The BHAD is larger than the BHE, so there is space between the BHAD and the BHE. The region near the accretion disk is the broad line region (BLR) with fast-moving high-density optical and ultraviolet photons emitted from the accretion disk. The region much farther from the disk is the narrow line region with slow-moving low-density photons.
The five-zone structure of superstar is similar to the five-zone structure of black hole. The five-zone structure of superstar from inside to outside consists of the Singularity-Free Superstar Core (SC), the super force field (SFF) as the short-range repulsive force field near the event horizon to separate the SC and The Schwarzschild radius of a rotating black hole is given as
where G is the gravitational constant, M is the object mass, and c is the speed of light. The radius of the superstar core is equal to or larger than the Schwarzschild radius.
The Sun as a superstar has the mass of 1. 
AGN Based on Supermassive Superstar
The Meissner effect in superconductor is explained by the outward pressure of the super force field to eject applied magnetic fields from the interior of the superconductor as it transitions into the super force field at nearly absolute zero temperature. As in the Meissner effect in superconductor, the super force field in supermassive superstar exerts a short-range repulsive force to repel leptons in the SLS, while infalling leptons from the SAD and the SE continue to enter the SLS through the strong gravity of the SC. When the density at the bottom of the SLS reaches the critical density, leptons fall into the SC with the corresponding size increase of the SC to prevent singularity. Without further infalling leptons, the short-range repulsive force from the super force field disintegrates the SLS to generate the SLS plasma fragments (electron-positron pair plasma) detaching from the SC. When the amount of the SLS plasma fragments is high enough, some SLS plasma fragments in the inner part of the SAD generating the relativistic SAD jet through the process similar to the Blandford-Znajek process [16] , and some SLS plasma fragments in the SE generate the coincident relativistic SE jet through the process similar to the Penrose Process [17] . The result is the large-scale jets [19] .
The jet from the SLS plasma fragments is similar to the jet from a symbiotic binary which usually contains a white dwarf with a companion red giant [20] . A D.-Y. Chung International Journal of Astronomy and Astrophysics red giant loses its material through the flow to the white dwarf nearby via an accretion disk. Some symbiotic stars have jets which are bi-polar and extend from both poles of the white dwarf. Therefore, the red giant is like the SLS as the source of the SLS plasma fragments, while the accretion disk of the white dwarf is like the SE/SAD. However, the strong gravity of supermassive superstar prevents the escape of material through the jet formation directly and initially from the infalling star as in a symbiotic binary. The SLS plasma fragments inside the structure of supermassive superstar provide the critical mass in a small area to generate a large scale jet.
The distance between the SAD and the SAD jet is much larger than the distance between the SC and the SE jet, so the leptons from the SAD travels longer distance from the SAD than from the SC to form the jets in the high-density BLR. As a result, the SAD jet is the slow jet with the low Lorentz factor, and the SE jet is the fast jet with the high Lorentz factor. Due to the longer distance between the SAD and the SAD jet than the distance between the SC and the SE jet, the radius of the SAD jet is larger than the radius of the SE jet. Therefore, the fast and narrow SE jet is inside the coincident slow and broad SAD jet as the two-jet model in Figure 3 .
In this two-jet model, the relativistic leptons in the fast SE jet up-scatter radiation from the slow moving SAD jet to produce gamma-ray as in the Synchrotron Self Compton (SSC) model [21] . In the SSC model, the seed photons for the Inverse Compton (IC) process producing gamma-ray are the synchrotron photons produced by the relativistic leptons. This two-jet model is similar to the two-blob model proposed by Georganopoulos et al. [22] in which radiation from the slow blob II is up-scattered by the relativistic mono-directional leptons in the fast blob I. The two-blob model by Georganopoulos et al. fits the SED well.
The slow SAD jet generates mostly the low frequency emissions and occasionally low-energy gamma-ray emissions through the inverse Campton scattering with the photons in the high-density BLR, while under the protection by the SAD jet, the fast SE jet inside the slow SAD jet generates the VHE SSC emission without the attenuation by the high-density photons in the BLR of FSRQ.
Therefore, the two-jet model of the SAD jet and the SE jet provides the solution for the relativistic producing the VHE gamma-ray emissions in FSRQ.
The two-jet model also explains VHE gamma-rays [23] in FR1 type radio galaxies which jets aligned at large angles to the line of sight. In the two-jet model, the SAD jet producing VHE gamma-rays in FR1 type radio galaxies is the very Figure 3 . The two-jet model: the fast and narrow SE jet from the SC is inside of the slow and broad SAD jet from the SAD.
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slow SAD jet through the very high-density BLR. As the very slow SAD jet moves through the very high-density BRL, the fast-moving photons in the very high-density BLR deaccelerate the very slow SAD jet, and change the mono-directional leptons in the SAD jet into multi-directional leptons. Subsequently, some multi-directional leptons in the SAD jet in the narrow line region produce VHE gamma-rays by up-scattering mono-directional soft radiation from the SE jet preferentially in the direction opposite to the SE jet motion.
Therefore, VHE gamma-rays which are produced in the SAD jet without the attenuation from the photons in the low-density narrow line region can be emitted at a relatively large angle to the jet axis in the observer's reference frame. This two-jet model is similar to the two-blob model proposed by Banasinski and Bednarek [24] in which radiation from the fast blob I is up-scattered by the relativistic isotropic (multi-directional) leptons in the slow blob II. The two-blob model by Banasinski and Bednarek fits the SED well. Therefore, the two-jet model of the very slow SAD jet and the SE jet provides the solution for the relativistic jet producing the VHE gamma-ray emissions in FR1 type radio galaxies.
The currents carried by the AGN jets can be probed using maps of the Faraday rotation measure (RM), since a jet current are accompanied by a toroidal magnetic field, which gives rise to a systematic change in the RM across the jet [25] . The collected data indicate that AGN jets reveal strong signs of the spine-sheath jet structure with a central spine of orthogonal magnetic field and a sheath of longitudinal magnetic field along the edges of the jet [26] . They suggest that the inner region of the jet spine consists of a low-density and fast-moving gas, while the outer region of the jet sheath consists of a denser and slower moving gas [27] The spine-sheath jet structure can also be explained by the coaxial cable proposed by Gabuzda [28] [29] . Like coaxial cable with the inner conductor and the outer shield sharing a geometric axis, an AGN jet has an inward current along its axis and an outward current in a more extended sheath-like region surrounding the jet. The current typically flows inward along the jet axis and outward in a more extended region surrounding the jet, typical to the current structure of a coaxial cable, accompanied by a self-consistent system of nested helical magnetic fields, whose toroidal components give rise to the observed transverse RM gradients. These data conclusively demonstrate the ex- 
Conclusions
In this paper we present solutions for the problems of singularity and the relati- Without further infalling leptons, the short-range repulsive force from the SFF disintegrates the SLS into the SLS plasma fragments (electron-positron pair plasma), detaching from the SC. Some SLS plasma fragments in the SAD generate the broad relativistic SAD jet, and some SLS plasma fragments in the SE generate the coincident narrow relativistic SE jet. In this two-jet model (the origin of the spine-sheath jet structure), protected by the SAD jet, the fast and narrow SE jet inside the slow and broad SAD jet generates the VHE (very high energy ≥ 100
GeV) Synchrotron Self Compton (SSC) gamma-ray emission without the attenuation by the photons in the BLR (broad line region) of flat spectrum radio quasar (FSRQ). The two-jet model of the very slow SAD jet and the SE jet also provides the solution for the relativistic jet producing the VHE gamma-ray emissions in FR1 type radio galaxies.
An important theory on the jet structure is the spine-sheath jet structure. The 
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